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Abstract 
 
Over the years, knowledge graph and virtual reality technologies have made 
great strides in their respective fields. On the other hand, they still have a lot of 
problems to be solved. For knowledge graph, even if researchers have developed 
many Natural Language Processing (NLP) models, it still can't achieve the desired 
effect. For virtual reality technology, expanding more fields of its application, 
reducing the cost of its equipment, and reducing the difficulty of the equipment 
deployment are the problems we are facing. 
However, the application of knowledge graph and VR still has a broad 
prospect. Therefore, this article aims to investigate whether it is possible to help 
users improve the efficiency of sorting out scattered knowledge and provide a 
better information retrieval experience for users with an application which 
combine knowledge graph and virtual reality. We also explore the user's 
acceptance of a new educational application based on virtual reality and 
knowledge graph. 
The article will elaborate on the structure of the project, the research process, 
and finally draw conclusions based on the summary and analysis of the results of 
the user study. 
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1. Introduction 
 
The entities of this project consist of four parts: data collection, information 
extraction and data fusion, the construction of general version knowledge graph 
(for comparison), and the construction of virtual reality knowledge graph (Figure 
1-1). Among them, data collection and information extraction are two important 
parts of building knowledge graph. They are directly related to whether the data 
after the visualization is concise and accurate. And data visualization is the part 
that make users can interact with knowledge graph directly. The differences 
between general version knowledge graph and virtual reality knowledge graph 
are also reflected in this section. We will explain the details in chapter 3.  
 
Figure 1-1 Entity structure 
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For the user study, we ask participants to operate both general version 
knowledge graph and virtual reality knowledge graph at the beginning. Then we 
understand the user's views by questionnaire and interview. In addition, we 
discuss the advantages and disadvantages of the application of knowledge graph 
based on virtual reality technology. Finally, the collected results are quantified and 
generated as a chart. The results of user study are analyzed to give conclusions. 
The details of this part will be explained in chapter 4. 
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2. Motivation and Related Work 
 
2.1 Research Motivation 
With the improvement of technology and the progress of society, big data 
has promoted the development of education. One of the most important 
benefits of big data for education is that it can change the paradigm of 
traditional education by collecting, processing and analyzing a large amount 
of educational data. For knowledge graph - a structured semantic knowledge 
base that is used to quickly describe concepts and their relationships in the 
physical world, as one of the most valuable products of the big data field, has 
a profound impact of systematizing education and structuring the 
decentralized knowledge. It can transform intricate data into simple and clear 
"entities, relationships, entities" triples by efficiently processing and 
integrating, and finally aggregate a large amount of knowledge to achieve 
rapidly knowledge response and speculate. 
Similarly, virtual reality as one of the most popular technologies, is also 
widely used in the field of education. Especially in the fields of teaching 
medicine, biology and chemistry. It is undeniable that in these areas, teaching 
through virtual reality is a very effective and low-cost way. 
But the focus of this project is not on cutting education spending, but on 
exploring the feasibility of a new educational application based on popular 
technology. We try to combine the knowledge graph with the virtual reality 
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technology, construct a virtual reality knowledge graph application, and 
provide some ideas and suggestions for improving such applications by 
analyzing the results of user study. We hope that our findings will be helpful 
in the subsequent research of such applications. 
 
2.2 Related Work 
To implement the physical part of our project, we mainly focus on the 
following two parts: 
One part is natural language processing. Natural language processing is 
an important direction in the field of computer science and artificial 
intelligence. It is a technology that integrates linguistics, computer science, 
and mathematics. In this research, we tried some natural language processing 
models and found out the best one to extract relevant knowledge from 
complex and scattered data. Finally, we extracted the most realistic data 
through the bidirectional LSTM-CRF model [1] and applied dataset to the 
data visualization progress. 
The other part is the construction of the knowledge graph. For the 
generalized knowledge graph, we can think of it as an information structure 
which put the data together in a certain relationship. It also has a wide range 
of applications, such as common search engines, or some recommendation 
systems. In this project, knowledge graph not only but also includes the 
organization of the data and the visualization of the data. We visualized our 
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data through the neo4j graphical database management system, and the 
details will be explained later. 
Besides, to verify our ideas, we mainly explore the advantages of virtual 
reality knowledge graph in practical applications and understand the user's 
feelings through the user study. And then, we quantify their feedback, 
compare the actual results with the expected results and analyze the reason 
to draw conclusions. 
In addition, in order to verify the value of our project from another 
perspective, we investigated some researches related to the application of VR 
in education. We will also evaluate our project in conjunction with these 
existing results in the end. 
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3. Project Entity 
As mentioned above, in the entity of this project, we mainly solve the following 
tasks: 
 
3.1 Data Collection 
The knowledge graph has two construction methods, one is “from top to 
down” and the other is “from bottom to top”. The so-called “from top to down” 
construction is to use the structured data source such as an encyclopedic 
website to extract ontology and schema information from high-quality data 
source and add it to the knowledge base. And the “from bottom to top” 
construction is based on certain technical means. The resource pattern is 
extracted from the publicly collected data. Then select a new mode with a 
high degree of confidence to extract the data and add it to the knowledge 
base after manual review. In short, different ways of construction methods can 
lead to different data collection methods. This project is based on the first 
construction method - “from top to down” construction to build knowledge 
graph. So, we decided to extract the data source from Wikipedia. 
Initially, we tried to download the original database from 
“https://dumps.wikimedia.org/”, which is known as the data base of Wikipedia 
called “Wikimedia Downloads”. However, it contains a wide variety and 
complex data. Moreover, the domain of the knowledge in the original 
database is too fragmented and open. So, such raw data violates our 
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expectations - 1. The knowledge graph we expect is simple and clear so that 
users can easily to watch and remember. Excessively scattered data means 
that we have to discard most of the content in the original database in 
subsequent processing; 2. We hope that there is a certain correlation between 
the data, which means that we can improve the accuracy of dataset processed 
by the natural language processing model. An open field of knowledge can 
lead to a lack of correlation between data, even be impossible to extract a 
valid relationship. Therefore, we decided to select a certain category of 
knowledge from Wikipedia directly for crawling raw data. This way can narrow 
the scope of the knowledge field and improve the correlation between data 
to reduce the complexity of knowledge extraction. Finally, the database we 
used in the project was obtained through the following steps.  
We first select the list of universities of QS ranking top 1000 in 2018 and 
the list of top500 universities in the five disciplines of “Arts and Humanities”, 
“Engineering and Technology”, “Life Science and Medicine”, “Natural Science” 
and “Social Science and Management” in 2018. Then, according to the name 
of each university in the extracted list to crawl the corresponding Wikipedia 
page. After that, we extract the valid information from each page, and finally 
use these information to build the database. 
The reason for using this category of knowledge in our project is the 
following: 1. Small amount of data - it means that we don't need to spend a 
lot of time on training data. But at the same time, there is a high demand for 
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the accuracy of our data; 2. Concise and clear content - on the Wikipedia 
pages, we can find that each school has an information card. It contains a 
series of information such as the school site, date of creation, type and other 
else. These information cards are structured and concise, so that we can 
extract keywords and relationships for building knowledge graph easily; 3. 
Unified URL structure - it is not very important. But the URL structure like 
“https://en.wikipedia.org/wiki/ + school name” allows us to easily and 
accurately locate almost every school profile page included in the list; 4. The 
last point is that our project aims to explore the difference between the 
general version knowledge graph and virtual reality knowledge graph - It 
includes not only the degree of enhancement of remembering knowledge, 
but also the difference between perception and operation. So, we want to use 
concise data in the prototype to eliminate the impact of data skew caused by 
improper handling. 
In data collection section, we manually save the list of schools from QS 
ranking first (Figure 3.1-1). Because the list is kept from the web and contains 
information such as ranking and location, we need to use a simple regular 
expression to extract the exact school name, school ranking and location and 
save it as a dictionary (Figure 3.1-2) in the format of "{school name: {rank: {*}, 
country: {*}}}". Although this list is intended to be used to crawl data later, we 
will still use these information in the subsequent visualization process to 
complete the knowledge graph. 
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Figure 3.1-1 Page of QS ranking 
Figure 3.1-2 Example of key-value set in dictionary 
Next, we write a Python crawler (Figure 3.1-3) script using Beautiful Soup, 
which is a Python library for pulling data out of HTML and XML files. It can 
crawl the subject text of the relevant school's page from Wikipedia according 
to the school name stored in the dictionary and store the contents in the 
format of "school name.html" to a new folder (Figure 3.1-4). The errors 
(request error, encode error, etc.) in the process are recorded separately and 
saved in the error log for manually checking. In this step, we simply save all 
the contents we might use. For streamlining the information, we are going to 
explain in the next section. 
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Figure 3.1-3 Part of crawler code  
Figure 3.1-4 Example of content 
 
3.2 Information Extraction and Data Fusion 
After crawling the data, we start to analyze and process the data. 
Since in the previous step, we saved all the contents we might use on page, 
we must classify the content in more detail in the next process. To put it simply, 
we have to do two steps on the data - the first step is to discard the extra 
content and extract the messages in the information card we need. The 
second step is to extract knowledge through the NLP model to get the data 
we need. In this step, we analyze the messages in the information card (such 
as school motto, number, type, etc.) through the bidirectional LSTM-CRF 
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model to extract the keywords (as relationship and child nodes in data 
visualization) and save as a dataset. 
In the first step, we checked the page element (Figure 3.2-1 take WASEDA 
University as an example) and found that the XPATH of each school’s 
information card on Wikipedia is "//*[@id="mw-content-text"]/div/table[1]", 
and the data card The XPATH of the subject text is "//*[@id="mw-content-
text"]/div/table[1]/tbody". So, we can easily extract the content we need from 
the webpage for extraction of keywords and relationships.  
Figure 3.2-1 Web page element of WASEDA University 
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Based on the study of related work, we use the “Training & Development 
set of CoNLL-2003” (Figure 3.2-2) [2] as the training set to train the Bi-LSTM-
CRF model, the Bi-LSTM-CRF-Attention model, the LSTM-CRF model and the 
CRF model [3]. Then evaluate the accuracy of each model by using "CoNLL-
2003 (test set)", and the result is shown below (Figure 3.2-3). Finally, we chose 
Bi-LSTM-CRF (Figure 3.2-4) as the model for the knowledge extraction for 
our project. 
Figure 3.2-2 Training & Development set of CoNLL-2003 
Figure 3.2-3 Evaluation results on CoNLL-2003 (test set) 
Figure 3.2-4 A BI-LSTM-CRF model with MaxEnt features 
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We use Bi-LSTM-CRF model to extract school campus, school department 
and other information from tag using regular expression for pattern matching. 
And then, save new entities into pickle files as our dataset. After information 
extraction and data fusion, our data can be used for data visualization finally. 
 
3.3 General Knowledge Graph 
In order to implement the knowledge graph, we investigated a lot of 
related research. We found that the neo4j graph database provides a good 
support for data visualization construction [4]. It can not only read the 
attributes, relationships and other information in our database, but also draw 
the knowledge graph through its own visualization platform. 
In the relationship graph built by neo4j, the values of nodes, relationships, 
properties and labels are included (Figure 3.3-1). Nodes are the main data 
elements which can have one or more properties and labels that describes its 
role in the graph, and they can be connected to other nodes through 
relationships (even recursive relationships); relationships are directional values 
that connect two nodes, they can also have one or more properties; 
properties are named values which can be constrained and indexed, also, 
composite indexes can be created from multiple properties; Labels are used 
to group nodes into sets, and they are also indexed to accelerate finding 
nodes in graph. 
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Figure 3.3-1 Neo4j relationship diagram 
In the project, we use the school name as the starting node. The values 
(location, ranking value, private or public, etc.) in the pickle file are drawn as 
child nodes in the graph. And the keys (location, ranking, type, etc.) as 
relationships between the nodes are added in the graph. For the attributes of 
different nodes, we only classify them according to the primary node and the 
child nodes. 
After determining the structure of the knowledge graph, we write a 
python script to connect visual interface of neo4j with dataset. The function 
of this script is to connect the port of the visual interface and convert the data 
in the pickle file into a Cypher Language which is recognizable for the neo4j 
graph database to generate the knowledge graph 
The knowledge graph can shrink or expand each layer of nodes according 
to the click of the mouse, or drag the interested node to highlight its 
corresponding information (Figure 3.3-2). 
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Figure 3.3-2 Example of general version knowledge graph 
 
3.4 Virtual Reality Knowledge Graph 
In this part, we build the knowledge graph based on virtual reality. And VR 
knowledge graph is constructed by yEd - a data visualization platform that 
can connect with the neo4j graph database. 
In the beginning, we tried several methods [5][6], include using unity to 
build the interface in the virtual reality environment. But we hope that the 
relational network generated by neo4j graph database can be applied to 3D 
data visualization to ensure consistency of results. So, after the investigation, 
we decided to use the yEd platform to create a virtual reality knowledge graph 
with higher versatility，because it contains many graphics material libraries, 
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and has good support for a variety of VR devices. In addition, the most 
important point is that yEd allows users to connect with port of neo4j platform. 
Figure 3.4-1 Example of virtual reality knowledge graph 
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4. User Study 
In the user study (Figure 4-1), we designed a set of controlled experiments 
and selected 10 students with experience in using virtual reality devices to 
participate in the experiment. Participants are allowed to use general version 
knowledge graph and virtual reality knowledge graph. Users will perform some 
simple operations, such as search operations, interactive operations, and so on. 
Then answer our questions through questionnaires and interviews, and discuss 
with us about the advantages and disadvantages of the practical applications of 
knowledge graph based on virtual reality technology. 
Figure 4-1 Flow chart of user study 
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First, we explain the experimental details to the participants - introduce how 
to operate and interact with general version knowledge graph and VR knowledge 
graph. In the project, we use the mouse and keyboard as the operating device of 
the general version knowledge graph, and the controller as the operating device 
of the VR knowledge graph 
Participants then use the general version knowledge graph to complete the 
search (for example, enter the WASEDA University or other school names in the 
search box), and click on the existed nodes to expand and display more child 
nodes. During the period, participants can click on any node according to their 
own preferences or use the filter box to select nodes to view different attributes 
and labels. 
Next, the participants wear the HMD and operate the knowledge graph in the 
VR environment by controller. Participants enter and complete the search 
operation through the virtual keyboard on the screen, and then click each node 
through the controller to get more information. Similar to the general version 
knowledge graph, participants can also select any node with different attribute or 
tag through the buttons on the interface. 
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After completing the experience of the two types knowledge graph, the 
participants filled out a questionnaire. This questionnaire contains the following 
questions: 
 
1. Do you think that the knowledge graph in the normal mode is easy to 
operate? (operability) 
2. Do you think the user interface of the knowledge graph in the normal 
mode is beautiful? (aesthetic) 
3. Do you think that you can easily find what you are interested in from the 
knowledge graph in normal mode? (concentration) 
4. Do you think that the knowledge graph in the VR mode is easy to operate? 
(operability) 
5. Do you think the user interface of the knowledge graph in the VR mode is 
beautiful? (aesthetic) 
6. Do you think that you can easily find what you are interested in from the 
knowledge graph in VR mode? (concentration) 
7. Do you think that the knowledge graph in the project can help you sort 
out the knowledge structure and improve learning efficiency? 
(effectiveness) 
8. Which type of the knowledge graph you prefer to use in this project? 
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For questions 1-7, we use the numbers 1-5 to divide the level of approval. 
From low to high, they stand for “Strongly disagree”, “Somewhat disagree”, 
“Neither agree nor disagree”, “Somewhat agree” and “Strongly agree”. For 
question 8, we only set two options: 1. general version knowledge graph 2. virtual 
reality knowledge graph. 
The purpose of these questions is mainly to record the subjective feelings of 
the user's acceptance of the interface, the acceptance of the operation, and 
whether the knowledge graph can improve the efficiency of knowledge 
absorption. Besides, the reason we only set two choices for the last question is 
that help us find the point to ask the reasons of the user's choice in the subsequent 
interview and try to find out the advantages and disadvantages of the VR 
knowledge graph.  
After the volunteers answered the questionnaire, we interviewed them, mainly 
for the choices made in the question 8. We asked questions such as "Why do you 
choose general version knowledge graph / virtual reality knowledge graph, what 
does it attract you?"; "You think that the operation of general version knowledge 
graph / virtual reality knowledge graph is not very convenient, could you please 
briefly talk about the reasons?" and other questions. Then we analysis the result 
and evaluate our project. 
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5. Results and Discussion 
 
5.1 Results 
For questionnaire, we calculate the average score of the question no.1 to 
no.6 (Figure 5-1). Among them, questions no.1 to no.3 and questions no.4 to 
no.6 are the control group to compare the difference of the two types of 
knowledge graph (Figure 5-2). 
Figure 5-1 Result of question no.1 to no.6 (table) 
Figure 5-2 Result of question no.1 to no.6 (graph) 
 
General version VR version
Operability 4.4 3.9
Aesthetic 4.4 3.4
Concentration 4 3.7
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We calculate the average score of question no.7 to evaluate whether the 
knowledge graph is helpful for improving the efficiency of knowledge 
combing (Figure 5-3). 
Figure 5-3 Result of question no.7 
In the question no.8, we directly use the number of votes as a result to 
verify the user's acceptance of the knowledge graph based on virtual reality 
technology (Figure 5-4). 
Figure 5-4 Result of question no.8 
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From Figure 5-1, we can find that the user has a good response to the 
knowledge graph in the normal mode, especially that the general version 
knowledge graph is superior to the virtual reality knowledge graph in terms 
of operability and aesthetic. 
Figure 5-2 shows that users generally believe that knowledge graph can 
help them to improve knowledge acceptance efficiency.  
And figure 5-3 shows that most volunteers prefer to use general version 
knowledge graph. 
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5.2 Discussion 
From Figure 5-1 and Figure 5-2, we can observe that the score of general 
version knowledge graph is superior to the VR knowledge graph in all of the 
operability, aesthetic and concentration. Especially in the aesthetics, the score 
of the general version knowledge graph is even 1 point higher than that of 
the VR knowledge graph. This result has a large deviation from our 
expectations. But for the difference of concentration between general version 
knowledge graph and VR knowledge graph, the result is in line with our 
expectations. 
Similarly, from Figure 5-3, we found that users generally believe that 
knowledge graph can help them to improve knowledge acceptance efficiency. 
It is a good result that meets our expectations. Combining it with the results 
of questions no.3 and no.6, we can conclude that both the general version 
knowledge graph and the VR knowledge graph are helpful for improving user 
learning efficiency. 
Finally, in Figure 5-4, we get 60% of volunteers tend to use the general 
version knowledge graph. And only 40% of volunteers prefer to choose the VR 
knowledge graph. This result is different from our expectations - the result we 
expect is that users are more inclined to use the VR knowledge graph. 
Therefore, we conducted an interview survey on each volunteer for the lack 
of VR knowledge graph. 
We asked questions such as " Why do you choose general version 
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knowledge graph, what does it attract you?"; " You think that the operation 
of virtual reality knowledge graph is not very convenient, could you please 
briefly talk about the reasons?". Then recorded the volunteers' responses. 
First, basically every volunteer who tends to use a general version 
knowledge graph shows that operability and aesthetics are the two most 
important aspects that influence their choice. They said, "keyboard and mouse 
input is better than using a controller, both in terms of efficiency and comfort." 
For aesthetics, they said that the interface and interactive animations of 
general version knowledge graph are more beautiful and smoother, which 
makes them very happy to use general version knowledge graph. But the 
effect of the virtual reality knowledge graph is relatively rudimentary. 
Then, we asked questions about the difference between the 
concentration of the VR knowledge graph and the concentration of the 
general version knowledge graph to find the reason of the bias in the result 
of Figure 4.1-1 and Figure 4.1-2. Similarly, most participants think that 
operability and aesthetics affect the concentration of the VR knowledge graph. 
One participant described that, “The general version knowledge graph can 
easily access the knowledge I want to query, but the operation of the VR 
knowledge graph is a bit cumbersome. However, if I only talk about the 
content on the interface, I think they are almost similar.” It also proves that 
the difference between score of concentration of the VR knowledge graph 
and score of concentration of the general version knowledge graph is much 
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smaller than the scores of operability and aesthetics. 
Next, we analyzed the results in Figure 4.1-4. We asked 6 participants why 
they chose a general version knowledge graph. They said, "Excluding the 
inconvenience of operation and the relatively simple interface of VR 
knowledge graph, I feel that wearing HMD itself is an inconvenient thing." In 
addition, they think that the VR knowledge graph is not irreplaceable only in 
terms of using scenarios - in other words, the general version knowledge 
graph is able to solve most problems perfectly. 
So, we went on to discuss with the participants in "Improve which parts 
of the project will make you prefer to wear HMD and use the VR knowledge 
graph?" Obviously, most of the answers are to improve the convenience of 
the operation and improve the aesthetics of the interface. Besides, one 
participant said, “add irreplaceable features”. He said that "the irreplaceable 
function actually refers to the function that the VR knowledge graph can do 
but the general version knowledge graph can't. If it is only for improving the 
effect, then add some functions that the general version knowledge graph 
can do but the VR knowledge graph can work better." After the discussion, 
we found that the VR knowledge graph does not fully satisfy people's needs. 
So, we can build data visualization applications based on mixed reality 
technology, rather than just focus on virtual reality or augmented reality 
technology. For example, based on mixed reality technology, we can 
implement object recognition so that the knowledge graph can interact with 
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the real environment, which is impossible with the general version knowledge 
graph. We can also explore new ways of operation – the current controller is 
cumbersome to operate in a virtual reality environment. If we can reduce the 
size of the controller and increase the freedom of interaction (such as multi-
point operation, which allows each finger to interact with VR/AR/MR), it may 
be helpful for operation of knowledge graph. However, this issue is not only 
a challenge for our project, but also a challenge in the VR/AR/MR field. 
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6. Conclusion and Future Work 
 
From the questionnaire, the results of our research are not very satisfactory. 
But the revelation we got from user study is very important for us to improve 
research. When we develop an application, we must focus on “what can make our 
project be irreplaceable”. It will give us some new ideas to improve our research. 
And for the development for VR applications, we should focus on the three 
elements of virtual reality - imagination, immersion and interaction which Krueger 
proposed [7].  
About our research, we successfully found out that the knowledge graph has 
obvious help in sorting out the scattered knowledge and improving the learning 
efficiency. And we also proved that users accept the applications based on virtual 
reality and knowledge graph for education.  
In future work, we set improving operability and aesthetic as the most 
important goal to complete our project. We are going to find a new way to 
operate the VR knowledge graph. Furthermore, we are also considering 
transferring our VR knowledge graph to mixed reality knowledge graph which 
include object recognition function. 
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